Abstract-Self-adaptive prototype for seat adaptation aims at enhancing the physical comfort of a driver by taking into account not only the state of the environment (state of the road, car settings), but also the driver's emotional, cognitive and physical state. To implement this prototype we used a REFLECTive middleware, which provides a programming framework for the development of pervasive-adaptive applications. The REFLECTive middleware supports selfadaptive behavior and is generally composed of three tiers: Tangible tier contains services that read sensors data and send commands to actuators; REFLECTive tier is responsible for analyzing the data collected from sensors and for defining the actions that will be performed by actuators; Application tier facilitates high-level decision making. The seat adaptation prototype uses the information about Center of Pressure (COP) speed and number of bumps to determine the driver's physical state, and then it combines this information with the driver's cognitive and emotional state to figure out if the driver feels uncomfortable, and to change the state of seat cushions in an attempt to make driver feel more comfortable. The components of the seat adaptation prototype in the REFLECTive and Application tier are implemented using reaction rules.
INTRODUCTION
One of the main objectives of the REFLECT project, which is funded by the EU Seventh Framework Programme, ICT Thematic Priority, Challenge 8: Future and Emerging Technologies, Objective ICT-2007.8.2: Pervasive adaptation, is to support the development of pervasive adaptive systems. The seat adaptation prototype, which is currently being developed within the project, has a focus on identifying and possibly enhancing the physical state (comfort) of end users (drivers) in an attempt to verify the applicability, usefulness and self-adaptive capabilities of the proposed REFLECTive middleware.
Seamless and implicit human-computer interaction is an important characteristic of smart technology [1] . In order for technology to be "smart", the system must have some means of assessing the system environment and user state. The development of smart computer systems calls for technology to interface with user behavior in order to adapt appropriately and in real-time.
"What you like is what you get" [2] is the ultimate principle of this new generation of adaptive pervasive technology. Each interaction has unique characteristics that may be determined by the person, the system, or the environment. The purpose of dialogue design is to create an interface to maximize performance efficiency or safety, which represents a tacit attempt to "standardize" the dynamics of the interaction. Similarly, human factors and ergonomics research has focused on the optimization of interaction for a generic "everyman" user. Adaptive and personalized computing represents a challenge to the twin concepts of a standard interaction or a standard user. These systems incorporate an improvisatory element where user and system respond to feedback from each other in realtime. Also, interactions with such systems may be tailored to the specific needs of an individual in a defined place at a precise time. This shift from designing for the general to the specific attributes of the user has been called individuation [3] , which is "directed to explore ways through which each and every individual can customize his or her tools to optimize the pleasure and efficiency of his or her personal interaction". Individualization requires proactive intelligent adaptation of the system to tailor the interaction to the individual. This level of adaptation is achieved by monitoring the user in order to learn needs and preferences and predict intentions in real-time. This process has been called a bio-cybernetic loop [3, 4] , where a technical system influences behavior via an iterative process according to the bio-behavioral response from the user.
The deployment of a bio-cybernetic loop in a real-time interactive design will dramatically change the landscape of human-computer interaction. Equipped with numerous sensor devices that observe users in specific task environments, smart systems are able to derive users' emotional [5] , cognitive [6] and physical states and to adapt its functioning accordingly.
The dynamics of the reflective computing system is based upon the bio-cybernetic loop as described originally in [7] . This loop describes how psycho-physiological data regarding the status of the user is captured, analyzed and converted to a computer control input in real-time. The function of the loop is to monitor changes in user state in order to initiate an appropriate adaptive response.
The aim of the seat adaptation prototype is to monitor the postural behaviour of a car driver, detecting whether he/she feels uncomfortable in the seat, and -if this is the case -to act on the car seat in order to help the driver in finding a more comfortable position.
This prototype is based on the REFLECTive middleware [8] , [9] proposed and developed within the REFLECT project. The major goal of the REFLECTive middleware is to provide a common approach for the design, development and deployment of the pervasive adaptive systems, i.e. the systems that are sensitive to emotional cognitive and physical states of the users involved in a particular task or situation.
The REFLECTive middleware is a result of the systematic engineering approach, which insures that the key requirements of adaptivity, reusability and flexibility are fulfilled. The pervasive adaptive systems developed using the REFLECTive middleware seamlessly integrate in the environment of their user, and make use of available physical devices to sense and derive the state of the environment and user, detect the user's current state, and finally try to enhance the efficiency of a user in performing his/her task by changing the conditions of the environment to allow a user to perform the current tasks more efficiently. These systems hence use sensors to provide them with information about the environment and users, and actuators to influence them.
The seat adaptation prototype uses the Centre of Pressure (COP) speed to identify the physical state of a driver and the number of bumps as an indicator of the state of road. This information is then combined with the car settings and driver's cognitive and emotional state to determine whether any action should be performed to enhance the comfort of the driver by inflating/deflating seat cushions. The logic described is implemented using reaction rules [10] .
The organization of the paper is the following: Section II describes means for detecting the physical state of the driver and influencing his/her comfort; Section III gives an overview of REFLECTive middleware; Section IV presents the system design; Section V describes the system components used to implement the prototype; Section VI gives the reaction rules used to program the prototype logic; Section VII states the conclusions.
II. DETECTING UNCOMFORTABLE POSITIONS
As reported by Harrison et al. in [11] , sitting posture concepts are subject for discussion among scientists for over a century, the first article dating back to 1884. Most of the works in literature deal with the assessment of sitting comfort and discomfort, and many of them try to give an explanation of the physical causes of discomfort, focusing on prolonged sitting posture situations. Localized contact stresses are identified as one of the main responsible of sitting discomfort: prolonged pressures on the back or lower legs can eventually reduce the blood flow at the buttock/seat interface and in legs and feet [12] .
As presented by Hermann in [13] , some researchers use the terms "fidgeting" or "in chair movement" to describe the constant slight posture changes that subjects do while sitting. An increasing of these movements has been directly linked to an increasing of discomfort perceived by the sitter. While sitting in a car during driving, the pilot and the passengers are also subjected to vibrations generated by the vehicle and the different types of road surfaces. To compensate for these vibrations, the human body reacts with micro-muscle adjustments. This behavior, combined with the above-mentioned seated-position issues lead to a faster degradation of perceived comfort [13, 14] .
Although sitting discomfort has been traditionally studied using subjective rating scales, continuous objective measures have been preferred in recent works, because of sitting discomfort's dynamic nature [15, 16] . To do this, most research groups base their studies on measurements made by means of electronic instrumentation, like optical systems to detect body angles, and pressure sensors systems. Pressure mats are largely used to acquire pressure maps at driver's buttock/seat and driver's back/backseat interfaces. [12, 15, [17] [18] [19] [20] [21] .
The Centre Of Pressure (COP) is one of the most used parameter for the study of human posture, both standing (in that case force platforms or insoles are used), and sitting posture ( [13,15,18,] ). It is defined as "the point of application of the result of vertical forces acting on the surface of support" [13] ; the latter is the ground in case of standing posture, and the seat in case of sitting posture. To be precise, for car sitting posture more than one surface of support should be considered, as the body of the pilot is in contact with the seat, the backrest, the pedals, and the steering wheel. Nevertheless, results from [17] suggest that driver-seat interaction plays a crucial role in sitting strategies, while other interactions (such as driver-backseat) seem to be less relevant. Of course, in real driving performances, COP modifications (at driver-seat interface) are to be expected when car driving activities are performed. For example, it is reasonable that the use of a pedal results in an increasing of pressure on the area under pilot's tight.
Various experiments [11, [15] [16] [17] [18] 21] have been done, mainly in past ten years, on car seat comfort and discomfort, discussing both subjective information connected to comfort/discomfort perception (by means of questionnaires), and objective measures (e.g. through pressure sensors). Nevertheless, these works focussed only on the assessment or measure of comfort/discomfort. The innovation of the present project is the loop control system, that is to say that we also try to act on the seat. We have done (or planned to do) some experiments aiming at understanding which is/are the most appropriate strategy/ies to adopt for the seat adaptation.
The pressure map at the driver-seat interface is used as an indicator of sitting behaviour. The raw data, collected by means of a matrix of pressure sensors and a proper acquisition device, are processed to calculate the Centre Of Pressure (COP), a parameter which is broadly used [12] [13] [14] [15] [16] 18, 20] to study human posture.
Given a matrix of n pressure sensors, the COP coordinates (in the XY plane, with respect to a pre-fixed point taken as a reference) at time t are calculated as follows: This information and potentially other additional datacoming both from the driver (e.g. pressure values from specific areas of the driver-seat interface), and from the car (e.g. speed, acceleration) -are elaborated by the system. The latter tries then to determine if the driver is feeling uncomfortable with the seat; then it decides what action should be taken.
Modern top level car seats are provided with a wide range of adjustments: the driver, before starting the engine, can easily tune the seat position according to his/her preference. Nevertheless, we cannot consider to act on each adjustment when the car is running, due to obvious safety issues. For this reason we decided to act on inflatable air cushions ("barilotti") which are built inside the seat. Connected to these barilotti is an air pump. Acting on the latter and on pneumatic valves trough digital commands inflate or deflate air into/from the formers, resulting in an increasing or decreasing support for the driver's body and then in a modification of his/her postural behaviour.
III. REFLECTIVE MIDDLEWARE
The REFLECTive middleware for pervasive adaptive systems has been developed using the software components paradigm and implemented in the Java programming language on top of OSGI environment. Software components are units of software that make their communication capabilities explicit by means of ports (software types that describe the set of messages that can be received or send). The component based approach is highly dynamic, re-configurable and re-usable concept that allows for development of highly generic software. The basic feature of developed pervasive-adaptive software framework is to provide an interface for the four basic operations of configuration for component-based systems: creation and removal of components, and connecting and disconnecting component ports. With the help of these primitives, component based applications can be configured and reconfigured, i.e. assembled during start-up and altered at runtime.
The pervasive adaptive applications are organized in three layers within REFLECTive middleware: the Tangible Layer, the Reflective Layer, and the Application Layer. Tangible Layer deals with interfacing with devices outside the system. For sensors, this means wrapping device drivers to access input data, and wrapping feature extraction code operating on the raw signals. The Reflective Layer constitutes a pool of reusable software components that can be used to analyze the set of features detected by sensors, and adaptive components used to plan the actions that will be performed by actuators. The Application Layer contains all application-specific components and the assembly defining the structure of the application: how services and components are to be configured and connected.
Tangible Layer is the lowest layer of the system, which implements the concept of awareness, interfaces/connects to the sensor and actuator devices and provides the needed functionality (in form of atomic services) to the rest of the system. In the case of collecting multiple psychophysiological features -it provides the Reflective Layer with concrete values that can be used in deducing user's cognitive, emotional and physical states. It also executes commands (coming from the higher levels) needed to control the actuator devices. The Tangible Layer is capable of autonomous processing and can execute urgent (safety) actions reflecting the overall system strategy and performing improvisation as a form of immediate adaptation.
IV. SYSTEM DESIGN
In this section we will describe the application of REFLECTive middleware applied on the Seat Adaptation prototype. The specific architecture used for this use case is presented in Fig. 1 .
The Tangible V. SYSTEM COMPONENTS All system components used in Seat Adaptation use case are represented in Fig. 1 . At the Tangible Layer we have Car Settings, Bump, COP and Cushions Services, which provide the information needed to determine the physical state of the driver and to perform the required seat adaptation. On the other hand Seat Adaptation Service enables the control of cushions.
The Cognitive and Emotional Analysis components use the sensor readings (pulse, respiration, skin conductance, skin temperature, etc.) to determine the corresponding cognitive and emotional state of the driver, while the Physical Analysis component uses the information about the state of the road and COP speed to determine the driver's physical state.
The Seat Adaptation Manager receives the information about the driver's cognitive, emotional and physical state from the Cognitive Analysis, Emotional Analysis and Physical Analysis components and decides, based on this information, whether the seat should be adapted or not. High COP speed on a flat road may indicate that the driver feels uncomfortable, however it can also be a consequence of driver's emotional state (anger, nervousness, etc.) or high cognitive load. So the Seat Adaptation Manager analyses the driver's cognitive, emotional and physical state and initiates seat adaptation only in situations when the cognitive load of the driver is not high, emotional state is neutral and physical state is recognized as discomfort.
Based on the request from the Seat Adaptation Manager, that the seat should be adapted, Seat Adaptation component sends commands to Seat Adaptation Service to inflate or deflate some cushions based on the information about the COP speed, number of bumps and state of cushions. These commands are finally executed by the UP Controller.
VI. SEAT ADAPTATION REACTION RULES
Reaction rules (Table 1) used to implement the logic of the seat adaptation prototype are grouped according to their main role into three groups: analysis, management and adaptation. In the analysis groups we have two rules using to detect physical discomfort of the driver. The only rule in the management group is used to detect the situation when seat adaptation is actually required. Finally, the rules from the adaptation group are used to inflate or deflate cushions. Two time frames are used to provide different seat adaptations depending on the road surface (bumpy, flat): when the number of bumps is high, then COP speed increases and the pilot becomes tired early. Turning on the cushions helps the pilots to compensate vibrations and to feel more comfortable.
If the emotional state of the pilot is not neutral or the cognitive load is high or setting of the car is "sport", then it is not productive to change the state of the seat.
If the road is flat and the driver feels uncomfortable (COP speed is high) we could improve the comfort by changing the state of the cushions.
When time frame is 20 minutes only the last value of COP speed is taken into account. The seat adaptation prototype described within this paper illustrates the use of the REFLECTive middleware in automobile industry with a focus on enhancing the driver's comfort. More precisely, within this prototype the sensors are used to continuously measure the driver's posture, mood and cognitive load and, according to a proper "seat adaptation strategy", actuators integrated in the seat are activated in order to modify the seat's shape (and therefore driver's posture and feeling of comfort). Since top-level cars are provided with a number of actuators integrated in the seat, it is reasonable to try to use one (or a group) of them for the above-described purpose. In order to verify the performance and selfadaptive capabilities of the developed pervasive-adaptive middleware, the seat adaptation prototype will be tested in real driving conditions.
The seat mat at the driver's seat is used as a sensor for driver's moving patterns. The raw data, collected by a matrix of pressure sensors and a proper acquisition device, are processed to calculate the COP coordinates, and then the COP speed. The seat adaptation prototype is based on the COP speed parameter, because it reflects the "fidgeting" of the driver when he/she starts feeling uncomfortable. As it is proven that vibrations play an important role in driver's feeling of comfort, vertical acceleration is another parameter that is important. This information reflecting the state of the road (bumpy/flat) combined with the COP speed can be used to infer the conclusion about the driver's feeling of comfort/discomfort.
The seat adaptation prototype was implemented using a component-based approach of the REFLECTive middleware, where at the Tangible layer we have services that collect information from sensors (car settings, bumps, COP speed, state of cushions) and actuator service that controls seat cushions; at the Reflective layer we have components that perform the analysis of driver's cognitive, emotional and physical state and the seat adaptation component; at the Application layer we have only one component -seat adaptation manager, which, based on the information about current driver's state, makes a decision whether seat adaptation is required or not. All components at the Reflective and Application layers are implemented using the reaction rules, which provide the needed intelligent reactivity of the seat adaptation prototype.
Since the prototype has been developed, the next step will be to test it in the real environment and to use the feedback to improve it.
